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THE TOXICITY OF FOUR INSECTICIDES AND A HERBICIDE
UNDER TROPICAL CONDITIONS
R. L. WELCOMME
The toxicitie, of fOUf insecticides and a llerbicide to Till/pia I/lUcruchir were
tested in the laboratory. The 24 hour LC.,,'s were estimated as follows:
Endrin 20o/c , 0.008 ppm; Lindane 5% granules, 4.6 ppm; Synexa 50 (HCH
50%),5.6 ppm; Synex8 25 (HCH 25%), 14.8 ppm; TOK herbicide (Nitrofen),
100% survival for 24 hours at 100 ppm. These estimates agree with results
ob\aiued by othe-r workers elsewhere in the world. The laboratory determi-
nation of toxicity is important in e'stima,ting the direct effects of poisonous
substauces on fish, but other indirect effects may r~sllJL from their use. These
should be investigated in the field.
R. L. We/can/me, UI/iled Naliul/s Develupmel/I P"uyramme (UND?),
CuIOI/OU. Dahomey.
Present address:
Ii/fui/d Fishery Resollrces Bral/ch. Fishery Rnvllrces Divi.\ivi/. DepaJ'll'ilel/1
of Fisheries, F,lO, Rume.
The estimation of the toxicity of the many
substances that tind their way into the world's
waterways has become increasingly imporl-
ant. In Africa the problem of contamination
by industrial wastes is generally less severe
than in some parts of the globe where a com-
plete degradalion of the aquatic environment
occurs. The need for maximum production
of food. however. may precipitate a conflict
between the demands of agriculture and those
of fisheries, for among other things the habi-
tual use of insecticides and other toxic pro-
ducts to improve the agricultural yield can
have a disastrous effect on the quality and
yield of the associated waterways. This prob-
lem is especially acute in those regions where
rice culture is practised and a particularly
close relationship exists between the cereal
crop and the water. Such a situation was typi-
fled in Dahomey (West Africa) when the
author wa$ serving there as a Food and Agri-
culture Organization /Technica.l Assistance
(FAO / T A) Inland Fishery Biologist. A
UNDP/FAO/Special Fund/Pilot Project for
the development of the Oueme VaHey was
establishing rice culture of the Oueme River
floodplain that also supports a rich and high-
ly developed fishery. The project personnel
were concerned that the various biocides tha t
were thought necessary for the achievement
of maximum rice yields might prove dele-
terious to the fishery. Little published infor-
mation exists on the effects of biociJes in the
tropical African environment. most studies
having been carried out in temperate Europe
and North America. The author was there-
fore requested to assess under local conditions
the toxicities and other possible harmEul
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t h e p r o j e c t . T h e f o l l o w i n g p a p e r p r e s e n t s t h e
r e s u l t s o f t h e l a b o r a t o r y t e s t s u n d e r t a k e n a n d
a l s o d i s c u s s e s s o m e o f t h e s u b l e t h a l e f f e c t s
t h a t m a y a r i s e f r o m t h e u s e o f s u c h b i o c i d e s .
M E T H O D S
Y o u n g p o n d - r e a r e d T i l a p i a m a c r o c h i r
( B o u l e n g e r ) o f 4 0 t o 8 0 m m s t a n d a r d l e n g t h
w e r e ' a c c l i m a t i z e d t o l a b o r a t o r y c o n d i t i o n s
f o r s e v e r a l w e e k s . T e s t s w e r e c a r r i e d o u t i n
4 - l i t r e a q u a r i a a t t e m p e r a t u r e s o f b e t w e e n
2 5 ° a n d 2 7 ° C . B a t c h e s o f t h r e e f i s h w e r e e x -
p o s e d t o d i f f e r e n t c o n c e n t r a t i o n s o f t h e s u b -
s t a n c e u n d e r s t u d y a n d t h e i n d i v i d u a l s u r v i v a l
t i m e s w e r e r e c o r d e d a n d l l ; s e d t o c a l c u l a t e
m e d i a n s u r v i v a l t i m e f o r e a c h c o n c e n t r a t i o n .
T h e t e s t s e n d e d a f t e r 2 L J . h o u r s . T h e s o l u t i o n s
i n t h e a q u a r i a w e r e 1 1 0 t c h a n g e d , t h e r e f o r e
t h e t e s t s w e r e c a r r i e d o u t u n d e r s t a t i c c o n d i -
t i o n s w h i c h c o r r e s p o n d t o t h e s i n g l e f l u s h o f
t o x i c m a t e r i a l t h a t m a y r e s u l t o n s p r a y i n g a
c r o p , r a t h e r t h a n t o t h e c o n t i n u o u s d i s c h a r g e
r e p r e s e n t e d b y t h e m e t h o d o l o g y d e v e l o p e d
b y A L A B A S T E R a n d A B R A M ( 1 9 6 5 ) . T h e
f a c t t h a t t h e t e s t s w e r e s t a t i c i m p l i e s t h a t
t h e r e w a s a l o s s o f t o x i c m a t e r i a l t h r o u g h o u t
t h e t e s t d u e t o u p t a k e b y t h e f i s h a n d p o s s i b l y
d u e t o v o l a t i l i s a t i o n a n d b r e a k d o w n . F o r
t h i s r e a s o n t h e e s t i m a t e d s u r v i v a l t i m e s w e r e
p r o b a b l y i n c l i n e d t o b e l o n g e r t h a n t h e y
w o u l d b e i n t h e s i t u a t i o n w h e , r e t h e s o l u t i o n
i s m a i n t a i n e d a t i t s o r i g i n a l c o n c e n t r a t i o n .
R E S U L T S
E n d r i n
T h e p r e p a r a t i o n p r e s e n t e d f o r t e s t c o n t a i n -
e d 2 0 % o f t h e a c t i v e i n g r e d i e n t , a c h l o r i n a t e d
h y d r o c a r b o n , i n t h e f o r m o f a l i q u i d f r e e l y
m i s c i b l e w i t h w a t e r . T h e r e s u l t s o b t a i n e d a r e
p r e s e n t e d i n F i g . 1 . T h e e x t r a p o l a t e d c o n c e n -
t r a t i o n o f t h e f o r m u l a t i o n w h i c h w o u l d p r o -
d u c e t h e d e a t h o f 5 0 % o f t h e f i s h w i t h · i n 2 4
h o u r s ( 2 4 h o u r L C
s o
) w a s 0 . 0 0 8 p p m . T h i s
e s t i m a t e c o m p a r e s w e l l w i t h e s t i m a t e s b y
o t h e r w o r k e r s ( M c K E E a n d W O L F 1 9 6 3 ) .
T h e e x t r e m e t o x i c i t y o f E n d r i n , t o g e t h e r
w i t h i t s p e r s i s t e n c e i n t h e : a q u a t i c e n v i r o n -
m e n t ( I Y A T O M I e t a l . 1 9 5 8 ) m a k e s t h e u s e
o f t h i s s u b s t a n c e e x t r e m e l y i n a d v i s a b l e i n a n y
a r e a w h e r e t h e r e i s a n y p o s s i b i l i t y o f i t p e n e -
t r a t i n g w a t e r s c o n t a i n i n g f i s h .
L i n d a n e 5 %
T h e p r e p a r a t i o n p r e s e n t e d f o r t e s t w a s i n
t h e f o r m o f i n s o l u b l e g r a n u l e s c o n t a i n i n g 5 %
o f t h e a c t i v e i n g r e d i e n t , a c h l o r i n a t e d h y d r o -
c a r b o n . T e s t c o n c e n t r a t i o n s , b a s e d o n t h e
a m o u n t o f a c t i v e i n g r e d i e n t , w e r e p r e p a r e d
f r o m t h r e e s t o c k s o l u t i o n s e a c h p r o d u c e d
a f t e r a d i f f e r e n t p e r i o d o f c o n t a c t b e t w e e n
o n e g r a m o f g r a n u l e s a n d o n e l i t r e o f w a t e r
( 4 , 1 2 , a n d 2 4 h o u r s ) . T h e t o x i c i t y o f t h e
s o l u t i o n s w a s g r e a t e r t h e l o n g e r t h e p e r i o d o f
c o n t a c t ( F i g . 2 ) . A l l t h e a c t i v e i n g r e d i e n t w a s
a s s u m e d t o h a v e e n t e r e d i n t o s o l u t i o n a f t e r
2 4 h o u r s . T h e 2 4 h o u r L C
s o
w a s 4 . 6 p p m
e s t i m a t e d f r o m t h o s e c o n c e n t r a t i o n s m a d e u p
a f t e r 2 4 h o u r s o { c o n t a c t b e t w e e n g r a n u l e s
a n d w a t e r .
E v e n t a k i n g i n t o a c c o u n t t h e l o w p e r c e n t .
a g e o f a c t i v e - i n g r e d i e n t i n t h i s f o r m u l a t i o n ,
i t s t o x i c i t y i s c o n s i d e r a b l y l e s s t h a n w o u l d
h a v e b e e n e x p e c t e d f r o m m u c h o f t h e p r e -
v i o u s w o r k ( M c K E E a n d W O L F 1 9 6 3 ) ,
H o w e v e r , i n m a n y o f t h e s e e x p e r i m e n t s t h e
L i n d a n e w a s d i s s o l v e d i n a c e t o n e p r i o r t o
m a k i n g u p t h e s o l u t i o n s a n d t h u s w a s m o r e
r e a d i l y a v a i l a b l e t o t h e f i s h . I n o t h e r t e . s t s
w h e r e t h i s p r a c t i c e w a s p r e s u m a b l y n o t
a d o p t e d , t h e e s t i m a t e d t o x i c i t y w a s m u c h
c l o s e r t o t h e a b o v e v a l u e s ( D E P T . O F S C I
A N D I N D U S T . R E S . 1 9 5 8 ) .
I n r i c e c u l t u r e . L i n d a n e i s u s u a l l y s c a t t e r -
e d o n t h e g r o u n d s o m e t i m e b e f o r e t h e f l o o d -
i n g o f t h e r i c e p a d d i e s . I t i s t h e r e f o r e p o s s i b l e
t h a t s o m e d e g r a d a t i o n o f t h e p r o d u c t w i l l
o c c u r b e f o r e i t r e a c h e s t h e w a t e r . T o t e s t
t h i s , o n e g r a m o f L i n d a n e g r a n u l e s w a s m i x -
e d w i t h d a m p s o i l a n d k e p t f o r 5 7 d a y s . T h r e e
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Fig. 1. Survival of Tilapia macrochir in Endrin 20%. Vertical bars represent lime
between when
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T a b l e J . T o x i c i t y ,
R n d a f t e r 5 7 d a y s
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l e s t s o l u t i o n s w e i
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F i g . 2 . u r v i v a l o f I / a i a a c r c h i r i n i n d a n e 5 . o l u t i o n p r e p a r e d i t h 1 g o f p r o d u c t l e f l
i n c o n t a c t i t h 1 l i t r e o f a t e r f o r 4 h o u r s ( . . . x ) , 1 2 h o u r s ( 0 - - - 0 ) , a n d 2 4 h o u r s ( - - ) .
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TOXICITY OF HJUR l.NSECT1C[I)],S AND A HERBICIDE I I I
Tobie 1. Toxicity of Lindane 5 % granules before
and a.fter 57 d<tys contact with mOlst soil.
test solutions were then prepared using these
granules which were then left in contact witll
one litre of water for 24 hours. The results
of this test Crable 1) showed an increase in
the survival time of the fish which indicated
a loss in toxicity due to the degradation of
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greater than these concentrations for both
substances and they may be safe for use at the
dosages proposed subject to satisfactory sup-
plementary observations jn the field.
[OK Herhicide (Nirrofen B.S.l.)
TOK herbicide (2, 4 DichloroA Nitro Di-
phenyl Ether) was in the form of granules of
limited solubiJity. One gram was left in con-
tact with one litre of water for 24 hours be-
fore making up the test solutions. The results
obtained are summarised in Table 2.
Tobie 2. Tox.icity ot TOK herbicide.
TOK herbicide was intended for use
against the'dense masses of floating vegeta-
tion which constantly invade and choke the
various irrigation ditches and channels. The
relatively high concentration tolerated by fish
suggests thal the compound is safe for this
purpose from the standpoint of its toxicity,
DISCUSSION
Tn the Hght of present-day knowledge of
the pollutic~n of the aquatic environment. it
is axiomatic that the use of biocides in or
around waters that either support valuable
fisheries, or that drain into such, is an ex-
tremely dangerous practice. However, the
need to maximise food production often
seems to require the employment of these
agents. We are, therefore, frequently present-
ed with situations which necessitate a choice
belween the sacrifice of a fishery in the inter-
est of an increase in agricu Jtura] yield, or a
compromise, where bOlh agricultural and
fishery interests are to some extent safeguard-
ed. In lhe latter case a less effective but less
toxic product may be favoured over one that
is more effective but lethal to fish or fish









gm of product left
L hours .--.
The recommended treatment with Lindane
5 % granules is 16 kg per hectare. As the
Oueme floodplain is submerged under 1 to 2
metres of water, concentrations of up to 1.6
ppm may be produced when the land is in-
undated to a depth of 1 metre with static
water. This concentration is lower than the
estimated 24 hour LCjo of 4.6 ppm.
Synexa 50 and Synexa 25
These products were in the form of powders
of very limited solubility. The active ingre-
dient (Hexachloro cyclo Hexane, a chlorinat-
ed hydrocarbon) was present in the propor-
tion of 50 % (Synexa 50) and 25 % (Synexa
25). Test solutions were in each case made up
from a stock prepared from one gram of pro-
duct left in contact with one litre of water
for 24 hours.
The results are presented in Fig. 3 and the
extrapolaled 24 hour LCoo was 5.6 ppm fOf
Synexa 50 and 14.8 ppm for Synexa 25. These
values are entirely consistent with the findings
of other workers (McKEE and WOLF 1963).
Synexa was intended for use during the
floods at a concentration of 2.5 kg per hectare
for Synexa 50 and 20 kg per hectare for
Synexa 25. When inundated to one metre
depth of static water, a concentration of 0.25
ppm Synexa 50 or 2.0 ppm Synexa 25 would





Median survival time (mill)
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100% survival for 24 hours
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1 1 2 R . L . W E L C O M M E
1 0 I I I I T
F i g . 3 . S u r v i v a l o f T i l a p i a m a c r o c h i , . i n S y n e x a 5 0 ( . - - . ) a n d S y n e x a 2 5 ( 0 - - - 0 ) .
t h e v a r i o u s b i o c i d
t h i s c o n t e x t i t i s 0 1
o f t o x i c i t y o f t h e
a b o v e w e r e c o n s i s t
e d b y o t h e r w o r k e
O n t h i s s l e n d e r e '
b e c o n c l u d e d t h a t
v i r o n m e n t b e h a v e i
t e m p e r a t e z o n e c
w o r k i s r e q u i r e d , h
s a l i t y o f t h i s c o n e l
T h e m e a s u r e m e I
r a t o r y s e r v e s a s a g J
e f f e c t s o f t h e p r o d ,
f i e l d , a n d i s p a r t i c l
i n g s u c h h i g h l y t c
w h o s e u s e w a s a b a
t h e b a s i s o f t h e a l
c o m p o u n d s t e s t e d ,
j u d g e d t o b e a n i )
S y n e x a 5 0 a n d S y n
T O K a p p e a r s t o l
w o r k i n g d o s a g e s .
I n i n t e r p r e t i n g t l
b o r n e i n m i n d t h a i
p r e s e n c e o f t o x i c s u b
w e l l b e l O W t h o s e t h a
t h e u s e o f i n s e c t i c i d e
c u l t u r e , m a y d i s c o u
i n t o t h e t r e a t e d a r e a .
t a t s , s u c h a s t h e r i e t
t o t h e b r e e d i n g o f 1
g r a t e i n t o t h e m i n
a n d a n y h i n d r a n c e t (
h i b i t s u c c e s s f u l r e p !
e g g s a n d f r y m a y d i l
v i d u a l s i n b o t h t h t
p o i s o n a n d t h e i r a t
t i m e d a p p l i c a t i o n s (
s e r i o u s l y r e d u c e o n e
L e s s d i r e c t e f f e o t s
s u c h a s t h e O u e m e
o f t h e s p e c i e s a r e i n :
p e a t e d u s e o f i n s e c t i ,
t i o n s b e l o w t h o s e t t
t h e f i s h , c o u l d e l i r n i n
1 0 0 01 0 0
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the various biocides available is essential. In
this context it is of interest that the estimates
of toxicity of the four insecticides examined
above were consistent with the results obtain-
ed by other workers elsewhere in the world.
On this slender evidence it may tentatively
be concluded that fishes in the tropical en-
vironment behave in a similar manner to their
temperate zone counterparts. Much more
work is required, however, before the univer-
sality of this conclusion can be established.
The measurement of toxicity in the labo-
ratory serves as a guide to the probable direct
effects of the product when it is used in the
field, and is particularly valuable in indicat-
ing such highly toxic products as Endrin,
whose use was abandoned in the Oueme on
the basis of the above work. Of the other
compounds tested, however, Lindane 5 % is
judged to be only marginally acceptable.
Synexa 50 and Synexa 25 may be safe and
TOK appears to be safe at the proposed
working dosages.
In interpreting these results, it must be
borne in mind that fish may react to the
presence of toxic substances at concentrations
well below those that are lethal. For instance,
the use of insecticides, particularly in wet rice
culture, may discourage fish from moving
into the treated area. Vegetation grown habi-
tats, such as the rice paddies, are important
to the breeding of many species which mi-
grate into them in order to lay their eggs,
and any hindrance to this movement may in-
hibit successful reproduction. Furthermore,
eggs and fry may differ from the larger indi-
vid uals in both their susceptibility to the
poison and their ability to avoid it. Badly
timed applications of toxicant may thereby
seriously reduce one year's recruitment.
Less direct effeots are also likely. In areas
such as the Oueme floodplain the majority
of the species are insectivorous. Here the re-
peated use of insecticides, even in concentra-
tions below those that would directly affect
the fish, could eliminate most of the potential
food and in this way diminish the fish crop.
Alternatively some persistent insecticides may
build up in the food chain, being stored in
the tissues of the various organisms, and
thereby present a hazard to health of humans
who may use these fish for food. The use of
herbicides, too, may remove vegetation that
is valuable as a source of food and which may
also be important for spawning, shelter and
shade. In this way a product that is not in
itself toxic to fish can rapidly destroy an
ecosystem, and with it the species that were
hitherto found there.
From the above it may be concluded that
the actual killing of fish by a biocide is only
the most extreme of a variety of effects., all of
which can lead to the degradation of a fishery.
Therefore, before any product can be con-
sidered safe for use on the scale demanded
by modem, agriculture, a more complete
understanding of its ecological effects must
be obtained from field ~tudies as well as from
the simple determination of its toxicity in the
laboratory.
SUMMARY
1. The toxicities of four insecticides and a
herbicide to Tilapia macrochir have been
tested in the laboratory. The estimates
obtained for the four insecticides agree
with the results obtained by other work-
ers elsewhere in the world.
2. These results, expressed as 24 hour
LCijo's, were as follows:
Endrin 20% 0.008 ppm
Lindane 5% granules 4.6 ppm
Synexa 50 (HCH 50%) 5.6 ppm
Synexa 25 (HCH 25%) 14.8 ppm
TOK herbicide 100% survival
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